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Fig. I .
Protiin sJwthrsis in rapidly diiiciing S . ponihe crlls pulsc~-loheIli~l throughout a s,.nchronous diiivion c y l r Cells were treated to five 41°C heat-shocks to induce synchrony. followed by transfer to nitrogen-free medium to induce rapid division. Two major differentially synthesized polypeptide bands at 46 and 27 kDa have been highlighted ( 0 ) . and the mid-point of synchronous cell number doubling (80min) is indicated by the arrow. describe here systems which allow us to study possible division-specific proteins under conditions which are not obscured by growth.
Culture conditions and heat-shock synchronization methNitrogen-starvation conditions were established by filtering actively dividing cells, followed by rapid resuspension in pre-warmed minimal medium which lacked the NH,CI nitrogen source. Protein synthesis was followed by firstly pulse-labelling cells for IOmin with [35S]methionine (2pCi/ml), which were then homogenized by glass-bead agitation before centrifugation to release cytoplasmic proteins. Electrophoresis was performed in IO%-polyacryIamide gels by the method of Laemmli (1970) . Gels were stained, dried and processed for autoradiography by standard procedures. When cells of S. pomhe were transferred to nitrogen-free medium, an immediate but transient increase in cell proliferation rate occurred, with a concomitant decrease in cell size. Fantes & Nurse (1977) have reported similar findings in S . pomhe after a nutritional shift-down to a poor nitrogen source. In the present work, protein synthesis patterns were followed throughout the period of accelerated cell division, both in random and in synchronous cultures. We have consistently observed that a very few polypeptide bands are effectively 'switched on' a t the period coinciding with cell number increase. For example, Fig. I highlights two such bands (46 and 27 kDa) which are differentially synthesized in a rapidly dividing synchronous culture of S . pomhe.
The rapid-division systems described here effectively eliminate 'growth cycle' protein synthesis and expose 'DNA-division' protein synthesis. However, although present findings point to the existence of division-cycle-specific gene expression in S . pombr and appear to support the cell cycle control model proposed by Kuhn (1982) . the possibility cannot be overlooked that the differentially synthesized proteins observed are simply due to a n effect of limiting the nitrogen source, rather than cell division. Consequently, we are now aiming to study protein synthesis in analogous systems which d o not entail starving for nitrogen. For example, the accelerated division of the 'wee' mutant of S. ponibr which occurs on transfer to a restrictive temperature (Nurse, 1975) . Culture conditions and Mg?
+ depletion methods for S . pombr 972h ~ have been described by Walker & Duffus (1980) . Electron microscopy and gas-exchange studies were undertaken as described previously (Walker rt d . , 1982) .
In actively dividing cells of S. ponihc, grown in the presence of magnesium, only two or three mitochondria per cell are evident in electron micrographs; these organelles Vol. 12 BIOCHEMICAL SOCIETY TRANSACTIONS appear long and irregularly branched, in which cristae are either absent or poorly defined. Such cells display a high fermentative capacity (respiratory quotient, RQ, of around lo), even when aerobically propagated. By contrast, if cells are specifically starved for magnesium by propagating cells for defined periods in Mg2 +-deficient media, the cytoplasm appears packed with numerous small, ovoid, compact mitochondria with well-defined cristae. Such cells display a characteristic respiratory capacity and possess an RQ of around 1 after a 24h period of Mg2+ depletion. These magnesium-induced morphological and metabolic transitions are reversible (Walker et al., 1982) .
During our electron-microscopy examination of magnesium-starved cells, we observed a phenomenon which can best be described as 'blebbing' of the nuclear envelope. Many micrographs, of which Fig. I is an example, have suggested that this behaviour may account for the appearance of mitochondria1 vesicles in the cytoplasm. Although mitochondria have been seen to generate from the periphery of the nucleus in other cell types (see, e.g., Bell & Muhlethaler, 1964) , we cannot in the present case state if the phenomenon is of any relevance to yeast mitochondrial biogenesis because of the abnormal growth conditions employed. However, this study does highlight the importance of Mg2 + ions in affecting membrane integrity in yeast, especially in regard to governing the generation of reticular or vesicular forms of mitochondria. (1977) showed the existence of at least three forms of the enzyme, designated chymosin A, B, and C, and indicated a close similarity in primary structures of the A and B forms. Other workers described the existence of four forms of both chymosin and its zymogen prochymosin by electrophoretic and chromatographic analysis (Asato & Rand, 1971 , 1972 .
Results from recent studies in molecular genetics indicated that chymosins A and B differ in primary structure by only one or two amino acids and are genetic polymorphs representing different alleles of a single structural locus (Moir et al., 1982) . An understanding of the molecular and/or genetic origin of chymosin heterogeneity is of primary importance in connection with recent interest in producing commercial chymosin from genetically engineered micro-organisms. The objective of the present study was to characterize further this heterogeneity by a study of the enzyme in individual calf stomachs, where complex mixtures of genetic variants would be avoided.
Prochymosin was extracted from individual calf stomachs essentially by the method of Foltmann (1966) , but with the alum precipitation procedure of Rand & Ernstrom (1965) . Conversion of prochymosin into chymosin was performed at pH2.0 and 20°C for 1 h. Before chromatography on DEAE-cellulose, solutions of prochymosin and chymosin were dialysed against column buffer. Details of the chromatographic procedure are given in the legend to Fig. 1 . Authentic samples of chymosins A and B were obtained by chromatographic fractionation of crystalline chymosin [Sigma (London) Chemical Co.] on DEAEcellulose as for individual calf chymosin. Electrophoresis was carried out on polyacrylamide slab gels either by a modification of the procedure of Davies & Law (1977) , with 6~-u r e a and an acrylamide concentration of 6%, or in the presence of sodium dodecyl sulphate as described by Laemmli (1970) .
Chymosin was resolved into two enzymically active
